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Abstract

Objective: Using glycated hemoglobin A1c (HbA1c) screening, we aimed to 

determine the prevalence of chronic dysglycemia (prediabetes or diabetes) among 

patients with Covid-19 admitted to the intensive care unit (ICU).  Additionally, we 

aimed to explore the association between chronic dysglycemia and clinical outcomes 

related to ICU stay.

Design: Multicenter prospective observational study

Setting: ICUs in three hospitals in Stockholm, Sweden

Participants: Covid-19 patients admitted to the ICU between 5 March and 13 August 

2020 with available HbA1c at admission. Chronic dysglycemia was determined 

based on previous history of diabetes and HbA1c.

Primary and secondary outcomes measures: Primary outcome was the actual 

prevalence of chronic dysglycemia (prediabetes, unknown diabetes, or known 

diabetes) among Covid-19 patients. Secondary outcome was the association of 

chronic dysglycemia with 90-day mortality, ICU length of stay, duration of invasive 

mechanical ventilation (IMV), and renal replacement therapy (RRT) use, accounting 

for treatment selection bias.

Results: A total of 308 patients with available admission HbA1c were included. 

Chronic dysglycemia prevalence assessment was restricted to 206 patients admitted 

to three ICUs in which HbA1c was measured on all admitted patients. Chronic 

dysglycemia was present in 82.0% (95% CI 76.1%-87.0%) of patients, with 

prediabetes present in 40.2% (95% CI 33.5%-47.3%), unknown diabetes in 20.9% 

(95% CI 15.5%-27-1%), well-controlled diabetes in 7.8% (95% CI 4.5%-12.3%), and 

uncontrolled diabetes in 13.1% (95% CI 8.8%-18.5%). All patients with available 

HbA1c were included for the analysis of the relationship between chronic 
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dysglycemia and secondary outcomes. We found no independent association 

between chronic dysglycemia and 90-day mortality, ICU length of stay, duration of 

IMV or RRT use. Risk estimates remained virtually unchanged after excluding 

patients with specific treatment limitations.

Conclusions: In our cohort of critically ill Covid-19 patients, the prevalence of 

chronic dysglycemia was 82%. We found no association between chronic 

dysglycemia and clinical outcomes.

Strengths and limitations of this study

 Presents prevalence of chronic dysglycemia in an ICU population with Covid-

19 based on additional quantification of admission HbA1c

 Actual prevalence of chronic dysglycemia calculation in all ICU admitted 

patients, reducing the risk of ascertainment bias

 Treatment limitations were considered in the analysis of clinical outcomes, 

thereby reducing the risk of treatment selection bias.

 We lack data on glycemic control during ICU stay, that might have influenced 

clinical outcomes

Background

Diabetes has been identified as a frequent comorbidity in patients with Covid-19, with 

a prevalence ranging from 7.4% to 34.3% among those requiring hospitalization [1-

3]. A meta-analysis published in April 2020 found diabetes to be the second most 
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frequent comorbidity in patients with Covid-19 admitted to the intensive care unit 

(ICU) [4]. Furthermore, Covid-19 patients with diabetes appear to have a significantly 

higher risk of ICU admission and worse prognosis than Covid-19 patients without 

diabetes [4-6]. Particularly, a glycated hemoglobin A1c (HbA1c) level above 7% (53 

mmol/mol) was identified as risk factor for ICU admission [7]. 

Recent data also indicates that diabetes is associated with worse prognosis among 

ICU patients with Covid-19 [8]. However, these studies did not include HbA1c 

measurements to identify patients with prediabetes or previously undiagnosed 

diabetes. This is an important limitation since both prediabetes and diabetes is 

considerably under-diagnosed both in the community [9] and in the ICU [10]. 

Additionally, a history of diabetes diagnosis and HbA1c at ICU admission, measured 

in consecutively admitted patients, is important in determining the true prevalence of 

chronic dysglycemia in the critically ill Covid-19 population. Finally, information about 

limitations of life-sustaining treatment were not considered in previous outcome 

analyses. This is unfortunate since the presence of such limitations may introduce 

treatment selection bias.

We therefore conducted a multicenter observational study using quantification of 

HbA1c and information about diabetes history to determine the actual prevalence of 

chronic dysglycemia (prediabetes, unknown diabetes, or known diabetes) among 

Covid-19 patients admitted to ICU. In addition, we aimed to explore the relationship 

of chronic dysglycemia with 90-day mortality, ICU length of stay, duration of invasive 

mechanical ventilation (IMV) and severe acute kidney injury requiring renal 

replacement therapy (RRT) accounting for treatment selection bias. We hypothesised 

that prevalence of chronic dysglycemia in Covid-19 patients admitted to the ICU 

exceeds the prevalence of chronic dysglycemia in the non Covid-19 critically ill 
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population. Moreover, we hypothesised that such chronic dysglycemia would be 

associated with worse clinical outcomes during ICU stay in patients with Covid-19.

Material and Methods

The study was approved by the Swedish Ethical Review Authority (approval number 

2020-01302, amendment 2020-02890) with a waiver of informed consent. The study 

was performed in accordance with the Helsinki Declaration and reported in 

conformity with the STROBE statement [11]

Patient and Public Involvement statement: The study is based on data that was 

collected during the ongoing Covid-19 pandemic in a quality register. No intervention 

was applied to the individual patient. The public and patients were not involved in the 

design of the study. Results are to be disseminated to the public and scientific 

community through publication in peer-reviewed journal with open access.

Study design

We conducted a multicenter, prospective observational study of adult (≥18 years) 

patients with a positive polymerase chain reaction (PCR) for severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) admitted to ten ICUs in three hospitals in 

Stockholm, Sweden between March 5th and August 13th, 2020 (first wave).  We 

excluded patients without HbA1c obtained on admission to the ICU, patients in the 

third trimester of pregnancy and patients with a primary admission diagnosis other 

than Covid-19. In patients with multiple ICU admissions, only the first admission was 

considered. All included patients were assessed in the outcome analyses. 

Assessment of chronic dysglycemia prevalence was restricted to a nested cohort of 
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patients from ICUs in which HbA1c measurement was included in the routine 

laboratory panel performed on all consecutive admissions. In the prevalence 

analysis, we therefore excluded patients with available HbA1c who were admitted to 

ICUs in which HbA1c was measured only at the discretion of the treating clinicians.

Data collection

HbA1c was measured in whole blood at ICU admission using the VARIANT II 

TURBO Hemoglobin Testing System analyzer (Bio-Rad Laboratories GmBH) and 

was reported in mmol/mol (IFCC calibrated) and in %. HbA1c was measured as part 

of routine care in three ICUs and at the discretion of the treating clinician in seven 

ICUs. We collected information on demographics, comorbidity, chronic medication, 

HbA1c value, mortality and decision regarding limitation of life-sustaining care from 

the patients’ medical records (Take Care [CompuGroup Medical, Koblenz, 

Germany]). International Classification of Disease (ICD) 10 codes were used to 

identify comorbidity and previous history of diabetes. Additionally, data regarding 

known diabetes diagnosis was extracted manually from the patients’ medical records. 

Data on body mass index (BMI), Simplified Acute Physiology Score (SAPS) 3, ICU 

length of stay, duration of IMV and RRT were collected from the ICU electronic 

patient data management system Clinisoft (GE, Barringgton, IL). 

Prediabetes and Diabetes definitions

Prediabetes and diabetes were diagnosed based on two complementary methods; 

level of HbA1c at admission and previous medical history of diabetes, and 

categorized into five groups: 

(1) no diabetes (HbA1c <42 mmol/mol [6.0%] and no history of diabetes) 
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(2) prediabetes (HbA1c 42-47 mmol/mol [6.0-6.4%] and no history of diabetes) 

(3) unknown diabetes (HbA1c ≥48 mmol/mol [6.9 %] and no history of diabetes)

(4) controlled diabetes (HbA1c <52 mmol/mol [6.9 %] and previous history of 

diabetes) 

(5) uncontrolled diabetes (HbA1c ≥52 mmol/mol [6.9 %] and previous history of 

diabetes).

Cut off values for HbA1c according to the World Health Organization were used [12].

Individuals in group (2), (3), (4) and (5) were considered to have chronic dysglycemia 

compared to those in group (1) labeled “no chronic dysglycemia”.

Outcomes

The primary outcome was the prevalence of chronic dysglycemia. Secondary 

outcomes included 90-day mortality, ICU length of stay, duration of IMV, and RRT 

use.

Statistical Analysis

We analyzed data using STATA version 12.1 (Stata Corp., College Station, Texas).

Categorical data is presented as numbers and percentages and compared using the 

chi-square test or Fisher's exact test. Continuous data is summarized as median with 

interquartile range (IQR) and compared using the Mann-Whitney U test (for two 

groups) or the Kruskal Wallis test (for multiple groups). The prevalence of chronic 

dysglycemia (primary outcome) was presented as percentages with 95% confidence 

intervals (CI). We displayed time to death within 90 days using Kaplan-Meier curves. 

Survival curves were compared using a log-rank test. We used multivariable Cox 

regression analysis to assess the association between chronic dysglycemia and 90-
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day mortality. We used multivariable linear regression analysis to assess the 

association with ICU length of stay and duration of IMV. Both these outcomes were 

found to be well approximated by log-normal distributions and were therefore log-

transformed before analysis with results presented as geometric means (95% CI). 

We used multivariable logistic regression analysis to assess the association with 

RRT use, before and after excluding patients with RRT as a treatment limitation. All 

regression models were adjusted for the following predetermined confounders: SAPS 

3, age and sex. A two-sided P-value <0.05 was considered statistically significant.

Results

Patients

A total of 584 patients with positive SARS-CoV-2 test were admitted to the study 

ICUs during the study period. We excluded 225 patients without available HbA1c, six 

pregnant patients, 16 readmissions and 29 patients without symptoms associated 

with Covid-19. Therefore, we included 308 patients with available HbA1c for outcome 

analysis. Among those 308 patients, 206 consequently admitted patients in which 

HbA1c was included in the admission routine laboratory panel were used for 

prevalence calculation (Figure 1). Baseline characteristics and treatment limitations 

of the entire study population are detailed in Table 1. 

Table 1. Baseline characteristics and treatment limitations

Chronic dysglycemia

Characteristic
No chronic 
dysglycemia Prediabetes

Unknown 
diabetes

Controlled 
diabetes

Uncontrolle
d diabetes Pe

No. (%) 61 (19.8) 114 (37.0) 60 (19.4) 25 (8.11) 48 (15.5)
Age, years 57 (51,63) 61 (53, 68) 60 (52, 68) 63 (57, 71) 62 (55,69) 0.02
Male sex 48 (78.6) 92 (80.7) 47 (78.3) 21 (84.0) 36 (75.0) 0.90
Body mass indexa, 
kg/m2

27 (25, 32) 27 (25, 30) 28 (25, 31) 29 (26, 32) 30 (26, 33) 0.97

HbA1c, mmol/mol 39 (36, 40) 44 (43, 46) 51 (49, 57) 47 (44, 49) 70 (61, 81) <0.001
Diabetes treatment

Diet only 6 (24.0) 2 (4.1)
OAD only 17 (68) 19 (39.5)
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Insulin only 1 (4.0) 12 (25.0)
OAD+Insulin 1 (4.0) 15 (31.2)

Comorbidity
Hypertension 18 (29.5) 40 (35.0) 23 (38.3) 16 (64.0) 34 (70.8) 0.02
Heart failure 6 (9.8) 5 (4.3) 6 (10.0) 0 (0.0) 3 (6.2) 0.24
Previous 
myocardial 
infarction

2 (3.2) 4 (3.5) 6 (10.0) 0 (0.0) 7 (14.5) 0.38

Chronic kidney 
disease

4 (6.5) 13 (11.4) 7 (11.6) 6 (24.0) 11 (22.9) 0.09

Liver disease 2 (3.2) 4 (3.5) 1 (1.6) 1 (4.0) 1 (2.0) 1.00
Any malignancy 0 (0.0) 8 (7.0) 2 (3.3) 2 (8.0) 4 (8.3) 0.04
Astma/COPD 13 (21.3) 20 (17.5) 14 (23.3) 5 (20.0) 9 (18.7) 0.72

SAPS 3b 53 (48, 60) 55 (49, 60) 57 (52, 62) 59 (52, 63) 56 (52, 69) 0.18
Chronic drug use

Corticosteroidsc 5 (8.20) 16 (14.04) 8 (13.3) 4 (16.0) 6 (12.5) 0.24
Immunosuppressiv
e therapyd

1 (1.6) 8 (7.0) 3 (5.0) 1 (4.0) 1(2.0) 0.31

Treatment limitationsf

Any limitation 14 (22.9) 19 (16.6) 13 (21.6) 8 (32.0) 13 (27.0) 0.80
No RRT 5 (8.2) 7 (6.1) 5 (8.3) 5 (20.0) 6 (12.5) 0.78
No IMV 6 (9.8) 10 (8.7) 4 (6.6) 4 (16.0) 6 (12.5) 0.97
No CPR 9 (14.7) 19 (16.6) 12 (20.0) 8 (32.0) 12 (25.0) 0.29
No ECMO 7 (11.4) 3 (2.6) 5 (8.3) 3 (12.0) 3 (6.2) 0.10

Palliative careg 1 (1.6) 18 (16.5) 7 (12.2) 4 (16.6) 5 (10.8) 0.03
Data are n (%) or median (interquartile range)
HbA1c, glycated hemoglobin A1c; OAD, oral hypoglycemic agent; COPD, Chronic obstructive pulmonary disease; SAPS, 
Simplified Acute Physiology Score, 2 missing values (306 patients with data); RRT, renal replacement therapy; IMV, invasive 
mechanical ventilation; CPR, cardiopulmonary resuscitation
aMissing data in 15 patients (293 patients with data)
bMissing data in 2 patients (306 patients with data)
cSystemic or inhalatory corticosteroids
dImmunosuppressive therapy was defined as: treatment with Metotrexate, Azatioprin, Ciklosporin, Tracolimus, Infliximab 
eP values for the comparison between no chronic dysglycemia and chronic dysglycemia
f Decision taken any time during ICU stay
gDecision to go over to palliative care taken during ICU stay

Patients with chronic dysglycemia were older, were more likely to have hypertension, 

malignancy and/or chronic kidney disease, and had higher SAPS 3 than patients 

without chronic dysglycemia. Overall, 14 (22.9%) patients in the no chronic 

dysglycemia group and 53 (21.5%) patients in the chronic dysglycemia group 

received one or more limitations of life-supporting therapies during their ICU stay. 

“No Cardiopulmonary resuscitation (CPR)” was the most common treatment 

limitation. We observed the highest proportion of limitations among patients with 

known (controlled or uncontrolled) diabetes. Decision to switch to palliative care was 

made in 1 (1.6%) patient in the no chronic dysglycemia group and 34 (13.8%) 

patients in the chronic dysglycemia group (P=0.03). Cumulative percentage of 

treatment limitations relative ICU admission is displayed in Figures S1-S4. 
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Primary outcome

In the nested cohort of 206 consecutive patients with available HbA1c, 169 (82.0%; 

95% CI 76.1%-87.0%) were diagnosed with chronic dysglycemia. Prediabetes was 

present in 83 (40.2%, 95% CI 33.5%-47.3%), unknown diabetes in 43 (20.9%, 95% 

CI 15.5%-27-1%), well-controlled diabetes in 16 (7.8%, 95% CI 4.5%-12.3%), and 

uncontrolled diabetes in 27 (13.1%, 95% CI 8.8%-18.5%) patients (Figure 2). 

Secondary outcomes

Nine (14.7%) patients in the no chronic dysglycemia group and 62 (25.1%) patients 

in the chronic dysglycemia group died within 90 days (P=0.08) (Table 2, Figure 3 and 

Figure S5). ICU length of stay and duration of IMV were similar in the two groups. 

IMV was delivered to 42 (68.8%) patients without chronic dysglycemia and to 187 

(75.7%) patients with chronic dysglycemia (P=0.27). RRT was delivered to 17 

(27.9%) no chronic dysglycemia patients and 42 (17.0%) chronic dysglycemia 

patients (P=0.06) (Table 2 and Table 3).

Table 2. Secondary outcomes

 Data are n (%) or median (interquartile range)
ICU lengths of stay (4 missing values because of transfer to other hospital)
a P values for the comparison between no chronic dysglycemia and chronic dysglycemia

Chronic dysglycemia

Outcomes No chronic 
dysglycemia
(n = 61)

Prediabetes
(n = 114)

Unknown 
diabetes
(n =60)

Controlled 
diabetes
(n = 25)

Uncontrolled 
diabetes
(n = 48)

Pa

90-day mortality, n 
(%)

9 (14.7) 28 (24.5) 12 (20.0) 7 (28.0) 15 (31.2) 0.08

ICU length of stay, 
days

9 (4, 25) 14 (6, 24) 13 (6, 28) 8 (5, 21) 11 (7, 22) 0.69

Invasive 
mechanical 
ventilation, days

16 (8, 29) 14 (10, 23) 15 (10, 27) 15 (6, 21) 14 (9, 22) 0.60

Renal 
replacement 
therapy, n (%)

17 (27.9) 22 (19.3) 11 (18.3) 1 (4.0) 8 (16.6) 0.06
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Table 3. Multivariable regression analyses showing the association of chronic dysglycemia 
(versus no chronic dysglycemia) with secondary outcomes

Outcome measure
No 

Chronic 
Dysglycemia

Chronic
Dysglycemia

Adjusted Risk 
Estimate (95% CI)a Statistical test P 

Value
90-day mortality, n (%) 9/61 (14.7) 62/247 (25.1) 1.61 (0.79 to 3.26) Cox regression 0.18

ICU length of stay, days

       All patients 9 (4, 25) 13 (6, 23) 1.06 (0.78 to 1.43) Linear regression 0.70

       ICU survivorsb 9 (5, 27) 14 (7, 24) 1.04 (0.76 to 1.43) Linear regression 0.75

Invasive mechanical 
ventilation duration, days
        All patientsc 16 (8, 29) 14 (10, 23) 0.92 (0.68 to 1.23) Linear regression 0.58

        ICU survivorsd 16 (8, 30) 15 (10, 23) 0.93 (0.70 to 1.23) Linear regression 0.61

Renal replacement 
therapy, n (%) 

        All patients 17/61 (27.9) 42/247 (17.0) 0.52 (0.26 to 1.02) Logistic regression 0.06

       Patients without
       treatment limitation
       as no RRT

17/57 (29.8) 42/224 (18.8) 0.52 (0.26 to 1.04) Logistic regression 0.10

aMultivariable models were adjusted for Simplified Acute Physiology Score (SAPS) 3, age and sex.
bICU length of stay in ICU survivors, 260 observations
cInvasive mechanical ventilation duration, 227 observations
dInvasive mechanical ventilation duration in ICU survivors, 189 observations

On multivariable regression analysis we observed a trend towards higher mortality 

(adjusted HR 1.61, 95% CI 0.79-3.26, P=0.18) and lower RRT use (adjusted OR 

0.52, 95% CI 0.26-1.02, P=0.06) in patients with chronic dysglycemia (Table 3). The 

association with RRT use remained virtually unchanged after exclusion of patients 

with “No RRT” as treatment limitation.

Discussions

Key findings

We performed a multicenter observational investigation to determine the prevalence 

of chronic dysglycemia and its impact on clinical outcomes among Covid-19 patients 

admitted to ICU. Using available information about the patients’ diabetic status in 

combination with routine HbA1c assessment, we found that 82% had chronic 
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dysglycemia with two thirds having either prediabetes or undiagnosed diabetes.  We 

observed a trend towards increased 90-day mortality in patients with chronic 

dysglycemia, with the highest mortality (31%) observed among those with 

uncontrolled diabetes. Conversely, the proportion of patients receiving RRT was 

lower among patients with chronic dysglycemia even when patients without “No RRT” 

as treatment limitation were considered separately. We found no association of 

chronic dysglycemia with ICU length of stay or duration of IMV.

Relationship with previous studies

A global meta-analysis of more than 16000 ICU patients with Covid-19 suggests a 

pooled prevalence of known diabetes between 23-31% [13], close to the observed 

prevalence in our study (21%). However, few studies have used additional HbA1c 

measurements to assess the actual prevalence of chronic dysglycemia, including 

prediabetes and undiagnosed diabetes. One such ICU study from Austria found a 

prevalence of chronic dysglycemia of 85%, which is in close agreement with our 

findings [14]. However, the Austrian study did not assess consecutive patients and 

may therefore be prone to selection bias. 

Our findings indicate that chronic dysglycemia is more common in Covid-19 patients 

than in ICU patients with other admission diagnoses. In fact, in a pre-Covid-19 cohort 

of general ICU patients we found a corresponding dysglycemia prevalence of 33% 

[10]. The relationship between severe SARS-CoV-2 infection and dysglycemia has 

different potential explanations. SARS-CoV-2 enters cells in various organs, including 

the pancreas, via angiotensin-converting enzyme II (ACE2). As ACE2 is involved in 

regulating pancreatic beta-cell function, a link between SARS-CoV-2 infection and 

beta-cell dysfunction and diabetes development has been suggested [15]. 
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Interestingly, the prevalence of elevated HbA1c below the diabetes diagnostic 

threshold (prediabetes) was markedly higher in our Covid-19 cohort than in our 

previous pre-Covid-19 cohort (40% vs 9%). It is possible that the duration of Covid-

19 symptoms before ICU admission (typically ten days in the literature [16]) was 

sufficient to trigger new onset hyperglycemia with mildly elevated HbA1c. 

In addition to the above speculations about SARS-CoV-2 as a cause of dysglycemia, 

there is also evidence suggesting that patients with preexisting dysglycemia are 

prone to a more severe course of Covid-19. For example, some studies have shown 

that hospitalized SARS-CoV-2 positive with prediabetes, unknown diabetes, and 

known poorly controlled diabetes are at increased risk of SARS-CoV-2 associated 

respiratory failure requiring intensive care [17]. A higher burden of comorbidities, 

hyperglycemia per se, and chronic low-grade inflammation in diabetes may explain 

this observation[18].

Whether chronic dysglycemia is associated with worse outcomes among Covid-19 

patients admitted to ICU remains uncertain. A multicenter study from France 

including 410 ICU patients with Covid-19, found no association between the severity 

of dysglycemia and tracheal intubation and/or death within 7 days of admission in 

patients with diabetes than in those without diabetes [19]. This is in accordance with 

the findings of our study. In contrast, others found higher mortality in the subgroup of 

mechanically ventilated patients with diabetes [14]. 

We previously demonstrated an independent association between chronic 

dysglycemia and need for RRT in critically ill non-Covid-19 patients [10]. This 

association was, however, not found in the present study. In fact, we observed a 

higher proportion of patients requiring RRT among our patients without chronic 

dysglycemia. Exclusion of patients “not for RRT”, did not substantially alter this 
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finding. Importantly, limitations in life-sustaining care were more common in the 

known diabetes groups (well controlled and uncontrolled diabetes) than in all other 

groups. We cannot exclude the possibility that patients with severe acute or chronic 

kidney injury did not reach the ICU because of treatment limitation decisions made at 

hospital arrival or on the medical ward. This might have influenced the number of 

patients with kidney injury reaching the ICU, affecting predominantly patients with 

chronic dysglycemia, as they are usually older and have multiple comorbidities.

Strengths and limitations

Our study has several strengths. It is the first to assess the prevalence of chronic 

dysglycemia in an ICU population with Covid-19 based on additional quantification of 

admission HbA1c. This approach reduced bias due to events that would have 

influenced HbA1c values obtained before ICU admission. Additionally, we restricted 

the prevalence assessment to a cohort of patients who were admitted to ICUs where 

HbA1c was part of the routine laboratory panel, thereby reducing the risk of 

ascertainment bias. Furthermore, we considered treatment limitations in our analysis 

of clinical outcomes, thereby reducing the risk of treatment selection bias. Finally, we 

included patients admitted to ten ICUs in three University hospitals, thus providing a 

degree of external validity for applying our findings to similar settings.

Our study has limitations. We lack data on conditions and treatment that might have 

influenced admission HbA1c, such as haemoglobinopathies and blood transfusion 

before ICU admission. In addition, we lack information about glycemic control during 

intensive care, which might have modified clinical outcomes.

Conclusion
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In our multicenter cohort of Covid-19 patients admitted to the ICU, HbA1c screening 

diagnosed chronic dysglycemia in four out of five patients with the majority having 

either prediabetes or previously undiagnosed diabetes. Chronic dysglycemia was not 

significantly associated with mortality, ICU length of stay, duration of invasive 

mechanical ventilation or renal replacement therapy use. These findings indicate that 

chronic dysglycemia may be a risk factor for severe Covid-19. However, Covid-19 

prognosis in the ICU does not appear to be modified by chronic dysglycemia. 
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Figure legends
Figure 1. Flow chart of study population

Figure 2. Prevalence of prediabetes, unknown diabetes and known diabetes among 206 

consecutive ICU patients with Covid-19

Figure 3. Probability of survival in no chronic dysglycemia patients and in patients with 
chronic dysglycemi
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Figure 2. Prevalence of prediabetes, unknown diabetes and known diabetes among 206 consecutive ICU 
patients with Covid-19 
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Figure 3. Probability of survival in no chronic dysglycemia patients and in patients with chronic dysglycemi 

770x521mm (144 x 144 DPI) 

Page 22 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 

 
 

Figure S1. Cumulative percentage of patients with a treatment limitation: no renal 
replacement therapy. Day 0 (zero) denotes the day of admission to the intensive care unit. 
  
 
 

 
 

Figure S2. Cumulative percentage of patients with a treatment limitation: no 

cardiopulmonary resuscitation. Day 0 (zero) denotes the day of admission to the intensive 
care unit. 
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Figure S3. Cumulative percentage of patients with a treatment limitation: no invasive 

mechanical ventilation. Day 0 (zero) denotes the day of admission to the intensive care unit. 
 
 
 
 

 
 

Figure S4. Cumulative percentage of patients with a treatment limitation: no extracorporeal 

membrane oxygenation. Day 0 (zero) denotes the day of admission to the intensive care 
unit. 
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Figure S5. Probability of survival in the study groups 
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participants. Describe methods of follow-up

5-7Participants 6
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(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

10-11
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3

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
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Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

11
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Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based
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available at http://www.strobe-statement.org.

Page 28 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only
Prevalence and impact of chronic dysglycemia among 

patients with Covid-19 in Swedish intensive care units: a 
multicenter, retrospective cohort study

Journal: BMJ Open

Manuscript ID bmjopen-2022-071330.R1

Article Type: Original research

Date Submitted by the 
Author: 09-May-2023

Complete List of Authors: Balintescu, Anca; Karolinska Institute, Department of Clinical Science 
and Education, Södersjukhuset
Rysz, Susanne; Karolinska Institute, Department of Perioperative 
Medicine and Intensive Care
Hertz, Carl; Stockholm South General Hospital Anaesthesia Department 
ICU
Grip, Jonathan; Karolinska Institute, Department of Perioperative 
Medicine and Intensive Care
Cronhjort, Maria; Karolinska Institute, Department of Clinical Science 
and Education Södersjukhuset
Oldner, Anders; Karolinska Institute, Department of Perioperative 
Medicine and Intensive Care
Svensen, Christer; Karolinska Institute, Department of Clinical Science 
and Education Södersjukhuset
Mårtensson, Johan; Karolinska Institute, Department of Perioperative 
Medicine and Intensive Care

<b>Primary Subject 
Heading</b>: Intensive care

Secondary Subject Heading: Diabetes and endocrinology

Keywords:
Adult intensive & critical care < INTENSIVE & CRITICAL CARE, COVID-
19, DIABETES & ENDOCRINOLOGY, General diabetes < DIABETES & 
ENDOCRINOLOGY

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open



For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/


For peer review only

1

Prevalence and impact of chronic dysglycemia among 
patients with Covid-19 in Swedish intensive care units: a 
multicenter, retrospective cohort study

Anca Balintescu, MD, PhD1, 2; Susanne Rysz, MD3, 4; Carl Hertz, MD2; Jonathan Grip, 

MD, PhD3, 5; Maria Cronhjort, MD, PhD1, 2; Anders Oldner MD, PhD3, 6; Christer 

Svensen MD, PhD1, 2; Johan Mårtensson, MD, PhD3, 6

1 Department of Clinical Science and Education Karolinska Institute, Unit of 

Anesthesiology and Intensive Care, South General Hospital, Sjukhusbacken 10, 

11883 Stockholm, Sweden

2 Department of Anesthesia and Intensive Care, South General Hospital, 

Sjukhusbacken 10, 11883 Stockholm, Sweden

3 Department of Perioperative Medicine and Intensive Care, Karolinska University 

Hospital, Norrbacka S2:05, SE-17176 Stockholm, Sweden

4 Department of Medicine, Solna, Karolinska Institute, Stockholm, Sweden

5 Department of Clinical Science, Intervention and Technology, Karolinska Institute, 

Stockholm, Sweden

6 Department of Physiology and Pharmacology, Section of Anaesthesia and Intensive 

Care, Karolinska Institutet, Norrbacka S2:05, SE-17176 Stockholm, Sweden

Corresponding Author:

Anca Balintescu, ANOPIVA, South General Hospital, Sjukhusbacken 10, 11883 

Stockholm, Sweden. Phone: +46 (0)722 7023 83. Fax: +46 (0)8-616 22 08. Email: 

anca.balintescu@ki.se

Page 2 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

mailto:anca.balintescu@ki.se


For peer review only

2

Keywords: HbA1c, ICU, Covid-19, prevalence, glycemic control, diabetes

Abstract

Objective: Using glycated hemoglobin A1c (HbA1c) screening, we aimed to determine 

the prevalence of chronic dysglycemia among patients with Covid-19 admitted to the 

intensive care unit (ICU).  Additionally, we aimed to explore the association between 

chronic dysglycemia and clinical outcomes related to ICU stay.

Design: Multicenter retrospective observational study

Setting: ICUs in three hospitals in Stockholm, Sweden

Participants: Covid-19 patients admitted to the ICU between 5 March and 13 August 

2020 with available HbA1c at admission. Chronic dysglycemia was determined based 

on previous diabetes history and HbA1c.

Primary and secondary outcomes: Primary outcome was the actual prevalence of 

chronic dysglycemia (prediabetes, unknown diabetes, or known diabetes) among 

Covid-19 patients. Secondary outcome was the association of chronic dysglycemia 

with 90-day mortality, ICU length of stay, duration of invasive mechanical ventilation 

(IMV), and renal replacement therapy (RRT), accounting for treatment selection bias.

Results: A total of 308 patients with available admission HbA1c were included. 

Chronic dysglycemia prevalence assessment was restricted to 206 patients admitted 

ICUs in which HbA1c was measured on all admitted patients. Chronic dysglycemia 

was present in 82.0% (95% CI 76.1%-87.0%) of patients, with prediabetes present in 

40.2% (95% CI 33.5%-47.3%), unknown diabetes in 20.9% (95% CI 15.5%-27-1%), 

well-controlled diabetes in 7.8% (95% CI 4.5%-12.3%), and uncontrolled diabetes in 

13.1% (95% CI 8.8%-18.5%). All patients with available HbA1c were included for the 

analysis of the relationship between chronic dysglycemia and secondary outcomes. 
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We found no independent association between chronic dysglycemia and 90-day 

mortality, ICU length of stay, or duration of IMV. After excluding patients with specific 

treatment limitations, no association between chronic dysglycemia and RRT use was 

observed.

Conclusions: In our cohort of critically ill Covid-19 patients, the prevalence of chronic 

dysglycemia was 82%. We found no robust associations between chronic dysglycemia 

and clinical outcomes when accounting for treatment limitations.

Strengths and limitations of this study

 Presents prevalence of chronic dysglycemia in an ICU population with Covid-

19 based on additional quantification of admission HbA1c

 Actual prevalence of chronic dysglycemia calculation in all ICU admitted 

patients, reducing the risk of ascertainment bias

 Treatment limitations were considered in the analysis of clinical outcomes, 

thereby reducing the risk of treatment selection bias.

 We lack data on glycemic control during ICU stay, that might have influenced 

clinical outcomes

Background

Diabetes has been identified as a frequent comorbidity in patients with Covid-19, with 

a prevalence ranging from 7.4% to 34.3% among those requiring hospitalization [1-

3]. A meta-analysis published in April 2020 found diabetes to be the second most 

frequent comorbidity in patients with Covid-19 admitted to the intensive care unit 
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(ICU) [4]. Furthermore, Covid-19 patients with diabetes appear to have a significantly 

higher risk of ICU admission and worse prognosis than Covid-19 patients without 

diabetes [4-6]. Particularly, a glycated hemoglobin A1c (HbA1c) level above 7% (53 

mmol/mol) was identified as risk factor for ICU admission [7]. 

Recent data also indicates that diabetes is associated with worse prognosis among 

ICU patients with Covid-19 [8]. However, these studies did not include HbA1c 

measurements to identify patients with prediabetes or previously undiagnosed 

diabetes. This is an important limitation since both prediabetes and diabetes is 

considerably under-diagnosed both in the community [9] and in the ICU [10]. 

Additionally, a history of diabetes diagnosis and HbA1c at ICU admission, measured 

in consecutively admitted patients, is important in determining the true prevalence of 

chronic dysglycemia in the critically ill Covid-19 population. Finally, information about 

limitations of life-sustaining treatment were not considered in previous outcome 

analyses. This is unfortunate since the presence of such limitations may introduce 

treatment selection bias.

We therefore conducted a multicenter observational study using quantification of 

HbA1c and information about diabetes history to determine the actual prevalence of 

chronic dysglycemia (prediabetes, unknown diabetes, or known diabetes) among 

Covid-19 patients admitted to ICU. In addition, we aimed to explore the relationship 

of chronic dysglycemia with 90-day mortality, ICU length of stay, duration of invasive 

mechanical ventilation (IMV) and severe acute kidney injury requiring renal 

replacement therapy (RRT) accounting for treatment selection bias. We hypothesised 

that prevalence of chronic dysglycemia in Covid-19 patients admitted to the ICU 

exceeds the prevalence of chronic dysglycemia in the non Covid-19 critically ill 
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population. Moreover, we hypothesised that such chronic dysglycemia would be 

associated with worse clinical outcomes during ICU stay in patients with Covid-19.

Material and Methods

The study was approved by the Swedish Ethical Review Authority (approval number 

2020-01302, amendment 2020-02890) with a waiver of informed consent. The study 

was performed in accordance with the Helsinki Declaration and reported in 

conformity with the STROBE statement [11]

Patient and Public Involvement statement: The study is based on data that was 

collected during the ongoing Covid-19 pandemic in a quality register. No intervention 

was applied to the individual patient. The public and patients were not involved in the 

design of the study. Results are to be disseminated to the public and scientific 

community through publication in peer-reviewed journal with open access.

Study design

We conducted a multicenter, retrospective observational study of adult (≥18 years) 

patients with a positive polymerase chain reaction (PCR) for severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) admitted to ten ICUs in three hospitals in 

Stockholm, Sweden between March 5th and August 13th, 2020 (first wave).  We 

excluded patients without HbA1c obtained on admission to the ICU, patients in the 

third trimester of pregnancy and patients with a primary admission diagnosis other 

than Covid-19. In patients with multiple ICU admissions, only the first admission was 

considered. All included patients were assessed in the outcome analyses. 

Assessment of chronic dysglycemia prevalence was restricted to a nested cohort of 
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patients from ICUs in which HbA1c measurement was included in the routine 

laboratory panel performed on all consecutive admissions. In the prevalence 

analysis, we therefore excluded patients with available HbA1c who were admitted to 

ICUs in which HbA1c was measured only at the discretion of the treating clinicians.

Data collection

HbA1c was measured in whole blood at ICU admission using the VARIANT II 

TURBO Hemoglobin Testing System analyzer (Bio-Rad Laboratories GmBH) and 

was reported in mmol/mol (IFCC calibrated) and in %. HbA1c was measured as part 

of routine care in three ICUs and at the discretion of the treating clinician in seven 

ICUs. We collected information on demographics, comorbidity, chronic medication, 

HbA1c value, mortality and decision regarding limitation of life-sustaining care from 

the patients’ medical records (Take Care [CompuGroup Medical, Koblenz, 

Germany]). International Classification of Disease (ICD) 10 codes were used to 

identify comorbidity and previous history of diabetes. Additionally, data regarding 

known diabetes diagnosis was extracted manually from the patients’ medical records. 

Data on body mass index (BMI), Simplified Acute Physiology Score (SAPS) 3, ICU 

length of stay, duration of IMV and RRT were collected from the ICU electronic 

patient data management system Clinisoft (GE, Barringgton, IL). 

Prediabetes and Diabetes definitions

Prediabetes and diabetes were diagnosed based on two complementary methods; 

level of HbA1c at admission and previous medical history of diabetes, and 

categorized into five groups: 

(1) no diabetes (HbA1c <42 mmol/mol [6.0%] and no history of diabetes) 
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(2) prediabetes (HbA1c 42-47 mmol/mol [6.0-6.4%] and no history of diabetes) 

(3) unknown diabetes (HbA1c ≥48 mmol/mol [6.5 %] and no history of diabetes)

(4) controlled diabetes (HbA1c <52 mmol/mol [6.9 %] and previous history of 

diabetes) 

(5) uncontrolled diabetes (HbA1c ≥52 mmol/mol [6.9 %] and previous history of 

diabetes).

Cut off values for HbA1c according to the World Health Organization were used [12].

Individuals in group (2), (3), (4) and (5) were considered to have chronic dysglycemia 

compared to those in group (1) labeled “no chronic dysglycemia”.

Outcomes

The primary outcome was the prevalence of chronic dysglycemia. Secondary 

outcomes included 90-day mortality, ICU length of stay, duration of IMV, and RRT 

use.

Statistical Analysis

We analyzed data using STATA version 12.1 (Stata Corp., College Station, Texas).

Categorical data is presented as numbers and percentages and compared using the 

Fisher's exact test. Continuous data is summarized as median with interquartile 

range (IQR) and compared using the Mann-Whitney U test. The prevalence of 

chronic dysglycemia (primary outcome) was presented as percentages with 95% 

confidence intervals (CI). We displayed time to death within 90 days using Kaplan-

Meier curves. Survival curves were compared using a log-rank test. We used 

multivariable Cox regression analysis to assess the association between chronic 

dysglycemia and 90-day mortality. We used multivariable linear regression analysis 
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to assess the association with ICU length of stay and duration of IMV. Both these 

outcomes were found to be well approximated by log-normal distributions and were 

therefore log-transformed before analysis with results presented as geometric means 

(95% CI). We used multivariable logistic regression analysis to assess the 

association with RRT use, before and after excluding patients with RRT as a 

treatment limitation. All regression analyses were conducted using the following 

models: adjusted for SAPS 3, age and sex, and adjusted for SAPS 3, age, sex, 

hypertension, any malignancy, any treatment limitation on admission and chronic 

corticosteroid use. A post-hoc exploratory comparison between subgroups was done 

for 90 day mortality and RRT use. A two-sided P-value <0.05 was considered 

statistically significant.

Results

Patients

A total of 584 patients with positive SARS-CoV-2 test were admitted to the study 

ICUs during the study period. We excluded 225 patients without available HbA1c, six 

pregnant patients, 16 readmissions and 29 patients without symptoms associated 

with Covid-19. Therefore, we included 308 patients with available HbA1c for outcome 

analysis. Among those 308 patients, 206 consequently admitted patients in which 

HbA1c was included in the admission routine laboratory panel were used for 

prevalence calculation (Figure 1). Baseline characteristics and treatment limitations 

of the entire study population are detailed in Table 1. 
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Table 1. Baseline characteristics and treatment limitations

Chronic dysglycemia

Characteristic
No chronic 
dysglycemia Prediabetes

Unknown 
diabetes

Controlled 
diabetes

Uncontrolle
d diabetes Pe

No. (%) 61 (19.8) 114 (37.0) 60 (19.4) 25 (8.11) 48 (15.5)
Age, years 57 (51,63) 61 (53, 68) 60 (52, 68) 63 (57, 71) 62 (55,69) 0.03
Male sex 48 (78.6) 92 (80.7) 47 (78.3) 21 (84.0) 36 (75.0) 1.00
Body mass indexa, 
kg/m2

27 (25, 32) 27 (25, 30) 28 (25, 31) 29 (26, 32) 30 (26, 33) 0.97

HbA1c, mmol/mol 39 (36, 40) 44 (43, 46) 51 (49, 57) 47 (44, 49) 70 (61, 81) <0.001
Diabetes treatment

Diet only 6 (24.0) 2 (4.1)
OAD only 17 (68) 19 (39.5)
Insulin only 1 (4.0) 12 (25.0)
OAD+Insulin 1 (4.0) 15 (31.2)

Comorbidity
Hypertension 18 (29.5) 40 (35.0) 23 (38.3) 16 (64.0) 34 (70.8) 0.02
Heart failure 6 (9.8) 5 (4.3) 6 (10.0) 0 (0.0) 3 (6.2) 0.24
Previous 
myocardial 
infarction

2 (3.2) 4 (3.5) 6 (10.0) 0 (0.0) 7 (14.5) 0.38

Chronic kidney 
disease

4 (6.5) 13 (11.4) 7 (11.6) 6 (24.0) 11 (22.9) 0.09

Liver disease 2 (3.2) 4 (3.5) 1 (1.6) 1 (4.0) 1 (2.0) 1.00
Any malignancy 0 (0.0) 8 (7.0) 2 (3.3) 2 (8.0) 4 (8.3) 0.04
Astma/COPD 13 (21.3) 20 (17.5) 14 (23.3) 5 (20.0) 9 (18.7) 0.72

SAPS 3b 53 (48, 60) 55 (49, 60) 57 (52, 62) 59 (52, 63) 56 (52, 69) 0.18
Chronic drug use

Corticosteroidsc 5 (8.20) 16 (14.04) 8 (13.3) 4 (16.0) 6 (12.5) 0.24
Immunosuppressiv
e therapyd

1 (1.6) 8 (7.0) 3 (5.0) 1 (4.0) 1(2.0) 0.31

Treatment limitationsf

Any limitation 14 (22.9) 19 (16.6) 13 (21.6) 8 (32.0) 13 (27.0) 0.86
No RRT 5 (8.2) 7 (6.1) 5 (8.3) 5 (20.0) 6 (12.5) 1.00
No IMV 6 (9.8) 10 (8.7) 4 (6.6) 4 (16.0) 6 (12.5) 1,00
No CPR 9 (14.7) 19 (16.6) 12 (20.0) 8 (32.0) 12 (25.0) 0.36
No ECMO 7 (11.4) 3 (2.6) 5 (8.3) 3 (12.0) 3 (6.2) 0.15

Palliative careg 1 (1.6) 18 (16.5) 7 (12.2) 4 (16.6) 5 (10.8) 0.006
Data are n (%) or median (interquartile range)
HbA1c, glycated hemoglobin A1c; OAD, oral hypoglycemic agent; COPD, Chronic obstructive pulmonary disease; SAPS, 
Simplified Acute Physiology Score, 2 missing values (306 patients with data); RRT, renal replacement therapy; IMV, invasive 
mechanical ventilation; CPR, cardiopulmonary resuscitation
aMissing data in 15 patients (293 patients with data)
bMissing data in 2 patients (306 patients with data)
cSystemic or inhalatory corticosteroids
dImmunosuppressive therapy was defined as: treatment with Metotrexate, Azatioprin, Ciklosporin, Tracolimus, Infliximab 
eP values for the comparison between no chronic dysglycemia and chronic dysglycemia, Mann-Whitney U test was used for 
comparison of continuous data and Fischer’s exact test for comparison of categorical data
f Decision taken any time during ICU stay
gDecision to go over to palliative care taken during ICU stay

Patients with chronic dysglycemia were older, were more likely to have hypertension, 

malignancy and/or chronic kidney disease, and had higher SAPS 3 than patients 

without chronic dysglycemia. Overall, 14 (22.9%) patients in the no chronic 

dysglycemia group and 53 (21.5%) patients in the chronic dysglycemia group 
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received one or more limitations of life-supporting therapies during their ICU stay. 

“No Cardiopulmonary resuscitation (CPR)” was the most common treatment 

limitation. We observed the highest proportion of limitations among patients with 

known (controlled or uncontrolled) diabetes. Decision to switch to palliative care was 

made in 1 (1.6%) patient in the no chronic dysglycemia group and 34 (13.8%) 

patients in the chronic dysglycemia group (P=0.006). Cumulative percentage of 

treatment limitations relative ICU admission is displayed in Figures S1-S4. 

Primary outcome

In the nested cohort of 206 consecutive patients with available HbA1c, 169 (82.0%; 

95% CI 76.1%-87.0%) were diagnosed with chronic dysglycemia. Prediabetes was 

present in 83 (40.2%, 95% CI 33.5%-47.3%), unknown diabetes in 43 (20.9%, 95% 

CI 15.5%-27-1%), well-controlled diabetes in 16 (7.8%, 95% CI 4.5%-12.3%), and 

uncontrolled diabetes in 27 (13.1%, 95% CI 8.8%-18.5%) patients (Figure 2). 

Secondary outcomes

Nine (14.7%) patients in the no chronic dysglycemia group and 62 (25.1%) patients 

in the chronic dysglycemia group died within 90 days (P=0.09) (Table 2, Figure 3 and 

Figure S5). ICU length of stay and duration of IMV were similar in the two groups. 

IMV was delivered to 42 (68.8%) patients without chronic dysglycemia and to 187 

(75.7%) patients with chronic dysglycemia (P=0.32). RRT was delivered to 17 

(27.9%) no chronic dysglycemia patients and 42 (17.0%) chronic dysglycemia 

patients (P=0.06) (Table 2 and Table 3).
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Table 2. Secondary outcomes

Data are n (%) or median (interquartile range)
ICU lengths of stay (4 missing values because of transfer to other hospital)
a P values for the comparison between no chronic dysglycemia and chronic dysglycemia, Mann-Whitney U test was used for 
comparison of continuous data and Fischer’s exact test for comparison of categorical data.

Table 3. Multivariable regression analyses showing the association of chronic 

dysglycemia (versus no chronic dysglycemia) with secondary outcomes

Outcome 
measure

No
Chronic 
Dysglycemia

Chronic
Dysglycemia

Adjusted Risk 
Estimate (95% CI)a

Pa Adjusted Risk 
Estimate (95% CI)b

Pb Statistical
test

90-day mortality
n (%)

9/61 (14.7) 62/247 (25.1) 1.61 (0.79 to 3.26) 0.18 1.54 (0.74 to 3.19) 0.24 Cox 
regression

ICU length of 
stay, days

       All patients 9 (4, 25) 13 (6, 23) 1.06 (0.78 to 1.43) 0.70 1.05 (0.77 to 1.44) 0.71 Linear 
regression

       ICU survivorsc 9 (5, 27) 14 (7, 24) 1.04 (0.76 to 1.43) 0.75 1.05 (0.76 to 1.44) 0.75 Linear 
regression

Invasive 
mechanical 
ventilation 
duration, days

 

       All patientsd 16 (8, 29) 14 (10, 23) 0.92 (0.68 to 1.23) 0.58 0.93 (0.69 to 1.24) 0.63 Linear 
regression

       ICU survivorse 16 (8, 30) 15 (10, 23) 0.93 (0.70 to 1.23) 0.61 0.92 (0.70 to 1.22) 0.59 Linear 
regression

Renal 
replacement 
therapy, n (%) 

         All patients 17/61 (27.9) 42/247 (17.0) 0.52 (0.26 to 1.02) 0.06 0.49 (0.24 to 0.99) 0.04 Logistic 
regression

         Patients   
         without
         treatment      
         limitation as  
         no RRT

17/57 (29.8) 42/224 (18.8) 0.52 (0.26 to 1.04) 0.10 0.52 (0.25 to 1.07) 0.08 Logistic 
regression

aMultivariable models were adjusted for Simplified Acute Physiology Score (SAPS) 3, age and sex.
b Multivariable models were adjusted for Simplified Acute Physiology Score (SAPS) 3, age, sex, hypertension, any malignancy, 
any treatment limitation on admission and chronic corticosteroid use
cICU length of stay in ICU survivors, 260 observations
dInvasive mechanical ventilation duration, 227 observations
eInvasive mechanical ventilation duration in ICU survivors, 189 observations

Chronic dysglycemia

Outcomes No chronic 
dysglycemia
(n = 61)

Prediabetes
(n = 114)

Unknown 
diabetes
(n =60)

Controlled 
diabetes
(n = 25)

Uncontrolled 
diabetes
(n = 48)

Pa

90-day mortality, n 
(%)

9 (14.7) 28 (24.5) 12 (20.0) 7 (28.0) 15 (31.2) 0.09

ICU length of stay, 
days

9 (4, 25) 14 (6, 24) 13 (6, 28) 8 (5, 21) 11 (7, 22) 0.69

Invasive 
mechanical 
ventilation, days

16 (8, 29) 14 (10, 23) 15 (10, 27) 15 (6, 21) 14 (9, 22) 0.60

Renal 
replacement 
therapy, n (%)

17 (27.9) 22 (19.3) 11 (18.3) 1 (4.0) 8 (16.6) 0.06
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On multivariable regression analysis we observed a numerically higher mortality 

(adjusted HR 1.54, 95% CI 0.74-3.19, P=0.24) and significantly lower RRT use 

(adjusted OR 0.49, 95% CI 0.24-0.99, P=0.04) in patients with chronic dysglycemia 

(Table 3). No association with RRT was observed after exclusion of patients with “No 

RRT” as treatment limitation. In the post-hoc exploratory comparison between 

subgroups, RRT use was higher in the no diabetes group compared to the controlled 

diabetes group, as well as in the uncontrolled diabetes compared to controlled 

diabetes group (Table S1). Individuals with uncontrolled diabetes had the lowest 

probability of survival followed by individuals with controlled diabetes and 

prediabetes. The highest probability of survival was observed among patients with no 

chronic dysglycemia and prediabetes, respectively (Figure S5). However, we 

observed no statistically significant differences in mortality in the post-hoc 

comparison of subgroups (Table S1).

Discussions

Key findings

We performed a multicenter observational investigation to determine the prevalence 

of chronic dysglycemia and its impact on clinical outcomes among Covid-19 patients 

admitted to ICU. Using available information about the patients’ diabetic status in 

combination with routine HbA1c assessment, we found that 82% had chronic 

dysglycemia with two thirds having either prediabetes or undiagnosed diabetes.  We 

observed numerically higher 90-day mortality in patients with chronic dysglycemia, 

with the highest mortality (31%) observed among those with uncontrolled diabetes. 
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Conversely, the proportion of patients receiving RRT was lower among patients with 

chronic dysglycemia even when patients without “No RRT” as treatment limitation 

were considered separately. We found no association of chronic dysglycemia with 

ICU length of stay or duration of IMV.

Relationship with previous studies

A global meta-analysis of more than 16000 ICU patients with Covid-19 suggests a 

pooled prevalence of known diabetes between 23-31% [13], close to the observed 

prevalence in our study (21%). However, few studies have used additional HbA1c 

measurements to assess the actual prevalence of chronic dysglycemia, including 

prediabetes and undiagnosed diabetes. One such ICU study from Austria found a 

prevalence of chronic dysglycemia of 85%, which is in close agreement with our 

findings [14]. However, the Austrian study did not assess consecutive patients and 

may therefore be prone to selection bias. 

Our findings indicate that chronic dysglycemia is more common in Covid-19 patients 

than in ICU patients with other admission diagnoses. In fact, in a pre-Covid-19 cohort 

of general ICU patients we found a corresponding dysglycemia prevalence of 33% 

[10]. The relationship between severe SARS-CoV-2 infection and dysglycemia has 

different potential explanations. SARS-CoV-2 enters cells in various organs, including 

the pancreas, via angiotensin-converting enzyme II (ACE2). As ACE2 is involved in 

regulating pancreatic beta-cell function, a link between SARS-CoV-2 infection and 

beta-cell dysfunction and diabetes development has been suggested [15]. 

Interestingly, the prevalence of elevated HbA1c below the diabetes diagnostic 

threshold (prediabetes) was markedly higher in our Covid-19 cohort than in our 

previous pre-Covid-19 cohort (40% vs 9%). It is possible that the duration of Covid-
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19 symptoms before ICU admission (typically ten days in the literature [16]) was 

sufficient to trigger new onset hyperglycemia with mildly elevated HbA1c. 

In addition to the above speculations about SARS-CoV-2 as a cause of dysglycemia, 

there is also evidence suggesting that patients with preexisting dysglycemia are 

prone to a more severe course of Covid-19. For example, some studies have shown 

that hospitalized SARS-CoV-2 positive with prediabetes, unknown diabetes, and 

known poorly controlled diabetes are at increased risk of SARS-CoV-2 associated 

respiratory failure requiring intensive care [17]. A higher burden of comorbidities, 

hyperglycemia per se, and chronic low-grade inflammation in diabetes may explain 

this observation [18]. 

Wang et al identifies fasting glucose as an independent predictor for 28-day mortality 

in hospitalized individuals with Covid-19 and previously unknown diabetes. However, 

HbA1c was not assessed and interference from stress hyperglycemia might have led 

to the different results compared to our study [19].

Others [20], identified an increased risk of death in individuals with diabetes and 

increasing levels of HbA1c above 48 mmol/mol and known diabetes in a large cohort 

of hospitalized patients, but not in critically ill individuals.

Whether chronic dysglycemia is associated with worse outcomes among Covid-19 

patients admitted to ICU remains uncertain. Dennis et al [21] found increased 

mortality risk at 30 days (HR 1.23 [95% CI 1.14, 1.32]) compared to patients with no 

diabetes in patients admitted to the high Dependency Unit or ICU, but did not take 

HbA1c into consideration. A multicenter study from France including 410 ICU 

patients with Covid-19, found no association between the severity of dysglycemia 

and tracheal intubation and/or death within 7 days of admission in patients with 

diabetes than in those without diabetes [22]. This is in accordance with the findings of 
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our study. In contrast, others found higher mortality in the subgroup of mechanically 

ventilated patients with diabetes [14]. 

We previously demonstrated an independent association between chronic 

dysglycemia and need for RRT in critically ill non-Covid-19 patients [10]. This 

association was, however, not found in the present study. In fact, we observed a 

higher proportion of patients requiring RRT among our patients without chronic 

dysglycemia and an inverse association between chronic dysglycemia and RRT use. 

Only one individual in the controlled diabetes subgroup received RRT during ICU 

stay.  We believe this surprising finding may be due to treatment limitations. In fact, 

after exclusion of patients with treatment limitation “not for RRT”, we observed no 

statistically significant association between chronic dysglycemia and RRT use. 

Limitations in life-sustaining care were more common in the known diabetes groups 

(well controlled and uncontrolled diabetes) than in all other groups. We cannot 

exclude the possibility that patients with severe acute or chronic kidney injury did not 

reach the ICU because of treatment limitation decisions made at hospital arrival or on 

the medical ward. This might have influenced the number of patients with kidney 

injury reaching the ICU, affecting predominantly patients with chronic dysglycemia, 

as they are usually older and have multiple comorbidities.

Strengths and limitations

Our study has several strengths. It is the first to assess the prevalence of chronic 

dysglycemia in an ICU population with Covid-19 based on additional quantification of 

admission HbA1c. This approach reduced bias due to events that would have 

influenced HbA1c values obtained before ICU admission. We restricted the 

prevalence assessment to a cohort of patients who were admitted to ICUs where 
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HbA1c was part of the routine laboratory panel, thereby reducing the risk of 

ascertainment bias. Additionally, by measuring HbA1c in all patients admitted to the 

ICU we identified 169 (82%) individuals with chronic dysglycemia and 86 (41.7%) 

with diabetes. If HbA1c would not have been measured routinely at ICU admission, 

we would only have identified 43 (20.9%) individuals with diabetes. Furthermore, we 

considered treatment limitations in our analysis of clinical outcomes, thereby 

reducing the risk of treatment selection bias. Finally, we included patients admitted to 

ten ICUs in three University hospitals, thus providing a degree of external validity for 

applying our findings to similar settings.

Our study has limitations. We lack data on conditions and treatment that might have 

influenced admission HbA1c, such as haemoglobinopathies and blood transfusion 

before ICU admission. Since interviews with patients or relatives were not performed, 

a degree of misclassification due to non-documented dysglycemia diagnoses cannot 

be ruled out. However, such interviews would have been logistically difficult during 

the ongoing pandemic. We used an HbA1c cutoff of 42-47 mmol/mol (6.0-6.4%) to 

classify prediabetes. If we instead had used the cutoff suggested by the American 

Diabetes Association (39-47 mmol/mol [5.7-6.4%], our prevalence of chronic 

dysglycemia would have increased from 82.0% to 91.3%. This approach did not, 

however, alter the association with the secondary outcomes (data not shown). In 

addition, we lack information about glycemic control during intensive care, which 

might have modified clinical outcomes.

The observational nature of the study does not imply causation. Generalizability of 

our results is limited to populations with similar health care systems and similar legal 

frame-works for decisions on treatment limitations. Finally, the limited sample size 
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may limit the conclusion regarding secondary outcomes that can be drawn from the 

data. 

Conclusion

In our multicenter cohort of Covid-19 patients admitted to the ICU, HbA1c screening 

diagnosed chronic dysglycemia in four out of five patients with the majority having 

either prediabetes or previously undiagnosed diabetes. Chronic dysglycemia was not 

significantly associated with mortality, ICU length of stay, duration of invasive 

mechanical ventilation or renal replacement therapy use after considering treatment 

limitations. These findings indicate that chronic dysglycemia may be a risk factor for 

severe Covid-19. However, Covid-19 prognosis in the ICU does not appear to be 

modified by chronic dysglycemia. 
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Figure legends
Figure 1. Flow chart of study population

Figure 2. Prevalence of prediabetes, unknown diabetes and known diabetes among 206 

consecutive ICU patients with Covid-19

Figure 3. Probability of survival in no chronic dysglycemia patients and in patients with 
chronic dysglycemia
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Figure 3. Probability of survival in no chronic dysglycemia patients and in patients with chronic dysglycemi 
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Table S1: Post-hoc exploratory comparison between the subgroups for 
90 days mortality and Renal replacement therapy

Subgroups 90 day mortality Renal replacement 
therapy

N (%) p N (%) p
No chronic dysglycemia vs 
Prediabetes

9/61 (14.7) vs 
28/114 (24.5)

0.17 17/61 (27.8) vs
 22/114 (19.2)

0.25

No chronic dysglycemia vs 
Unknown diabetes

9/61 (14.7) vs 
12/60 (20.0)

0.48 17/61 (27.8) vs 
11/60 (18.3)

0.28

No chronic dysglycemia vs 
Controlled diabetes

9/61 (14.7) vs 
7/25 (28.0)

0.22 17/61 (27.8) vs 
1/25 (4.0)

0.01

No chronic dysglycemia vs 
Uncontrolled diabetes

9/61 (14.7) vs 
15/48 (31.2)

0.06 17/61(27.8) vs 
8/48 (16.6)

0.25

Prediabetes vs 
Unknown diabetes

28/114 (24.5) vs 
12/60 (20.0)

0.57 22/114 (19.2) vs 
11/60 (18.3)

1

Prediabetes vs 
Controlled diabetes

28/114 (24.5) vs 
7/25 (28.0)

0.79 22/114 (19.2) vs 
1/ 25 (4.0)

0.07

Prediabetes vs 
Uncontrolled diabetes

28/114 (24.5) vs 
15/48 (31.2)

0.43 22/114 (19.2) vs 
8/48 (16.6)

0.8

Unknown diabetes vs 
Controlled diabetes

12/60 (20.0) vs 
7/25 (28.0)

0.41 11/60 (18.3) vs 
1/25 (4.0)

0.1

Unknown diabetes vs 
Uncontrolled diabetes

12/60 (20.0) vs 
15/48 (31.2)

0.18 11/60 (18.3) vs 
8/48 (16.6)

1

Controlled vs 
Uncontrolled diabetes

7/25 (28.0) vs 
15/48 (31.2)

0.77 1/25 (4.0) vs 
8/48 (16.6)

0.01

No chronic dysglycemia and 
prediabetes vs unknown and known 
diabetes

37/175 (21.1) vs 
34/133 (25.5)

0.41 39/175 (22.2) vs 
20/133 (15.0)

0.14

P values calculated with Fischer’s exact test
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Figure S1. Cumulative percentage of patients with a treatment limitation: no renal 
replacement therapy. Day 0 (zero) denotes the day of admission to the intensive care unit.
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Figure S2. Cumulative percentage of patients with a treatment limitation: no 
cardiopulmonary resuscitation. Day 0 (zero) denotes the day of admission to the intensive 
care unit.
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Figure S3. Cumulative percentage of patients with a treatment limitation: no invasive 
mechanical ventilation. Day 0 (zero) denotes the day of admission to the intensive care unit.
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Page references for document: Chronic dysglycemia in critically ill patients with Covid-19 – a 
retrospective cohort study

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

2-3

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

3-4

Objectives 3 State specific objectives, including any prespecified hypotheses 4

Methods4
Study design 4 Present key elements of study design early in the paper 4, 5

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

5-6

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

5-7Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

NA

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

7-8

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group

5-7

Bias 9 Describe any efforts to address potential sources of bias 5

Study size 10 Explain how the study size was arrived at 5-6, 
Figure 
1

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

6-8 

(a) Describe all statistical methods, including those used to control for 
confounding

7

(b) Describe any methods used to examine subgroups and interactions 7

(c) Explain how missing data were addressed 8

(d) If applicable, explain how loss to follow-up was addressed NA

Statistical methods 12

(e) Describe any sensitivity analyses NA

Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed

8-9,
Figure 
1

(b) Give reasons for non-participation at each stage Figure 
1

Participants 13*

(c) Consider use of a flow diagram Figure 
1
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2

(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

8-9 
Table 
1

(b) Indicate number of participants with missing data for each variable of 
interest

Table 
1

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount) NA

Outcome data 15* Report numbers of outcome events or summary measures over time 10-11
Table  
2-3
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3

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

10-11
Table 
3

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

11
Figure 
2,3,S1-
4, S5 

Discussion
Key results 18 Summarise key results with reference to study objectives 11

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias

14

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

15

Generalisability 21 Discuss the generalisability (external validity) of the study results 13-14

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

15

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.

Page 30 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only
Prevalence and impact of chronic dysglycemia among 

patients with Covid-19 in Swedish intensive care units: a 
multicenter, retrospective cohort study

Journal: BMJ Open

Manuscript ID bmjopen-2022-071330.R2

Article Type: Original research

Date Submitted by the 
Author: 19-Aug-2023

Complete List of Authors: Balintescu, Anca; Karolinska Institute, Department of Clinical Science 
and Education, Södersjukhuset
Rysz, Susanne; Karolinska Institute, Department of Perioperative 
Medicine and Intensive Care
Hertz, Carl; Stockholm South General Hospital Anaesthesia Department 
ICU
Grip, Jonathan; Karolinska Institute, Department of Perioperative 
Medicine and Intensive Care
Cronhjort, Maria; Karolinska Institute, Department of Clinical Science 
and Education Södersjukhuset
Oldner, Anders; Karolinska Institute, Department of Perioperative 
Medicine and Intensive Care
Svensen, Christer; Karolinska Institute, Department of Clinical Science 
and Education Södersjukhuset
Mårtensson, Johan; Karolinska Institute, Department of Perioperative 
Medicine and Intensive Care

<b>Primary Subject 
Heading</b>: Intensive care

Secondary Subject Heading: Diabetes and endocrinology

Keywords:
Adult intensive & critical care < INTENSIVE & CRITICAL CARE, COVID-
19, DIABETES & ENDOCRINOLOGY, General diabetes < DIABETES & 
ENDOCRINOLOGY

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open



For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/


For peer review only

1

Prevalence and impact of chronic dysglycemia among 
patients with Covid-19 in Swedish intensive care units: a 
multicenter, retrospective cohort study

Anca Balintescu, MD, PhD1, 2; Susanne Rysz, MD3, 4; Carl Hertz, MD2; Jonathan Grip, 

MD, PhD3, 5; Maria Cronhjort, MD, PhD1, 2; Anders Oldner MD, PhD3, 6; Christer 

Svensen MD, PhD1, 2; Johan Mårtensson, MD, PhD3, 6

1 Department of Clinical Science and Education Karolinska Institute, Unit of 

Anesthesiology and Intensive Care, South General Hospital, Sjukhusbacken 10, 

11883 Stockholm, Sweden

2 Department of Anesthesia and Intensive Care, South General Hospital, 

Sjukhusbacken 10, 11883 Stockholm, Sweden

3 Department of Perioperative Medicine and Intensive Care, Karolinska University 

Hospital, Norrbacka S2:05, SE-17176 Stockholm, Sweden

4 Department of Medicine, Solna, Karolinska Institute, Stockholm, Sweden

5 Department of Clinical Science, Intervention and Technology, Karolinska Institute, 

Stockholm, Sweden

6 Department of Physiology and Pharmacology, Section of Anaesthesia and Intensive 

Care, Karolinska Institutet, Norrbacka S2:05, SE-17176 Stockholm, Sweden

Corresponding Author:

Anca Balintescu, ANOPIVA, South General Hospital, Sjukhusbacken 10, 11883 

Stockholm, Sweden. Phone: +46 (0)722 7023 83. Fax: +46 (0)8-616 22 08. Email: 

anca.balintescu@ki.se

Page 2 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

mailto:anca.balintescu@ki.se


For peer review only

2

Keywords: HbA1c, ICU, Covid-19, prevalence, glycemic control, diabetes

Abstract

Objective: Using glycated hemoglobin A1c (HbA1c) screening, we aimed to determine 

the prevalence of chronic dysglycemia among patients with Covid-19 admitted to the 

intensive care unit (ICU).  Additionally, we aimed to explore the association between 

chronic dysglycemia and clinical outcomes related to ICU stay.

Design: Multicenter retrospective observational study

Setting: ICUs in three hospitals in Stockholm, Sweden

Participants: Covid-19 patients admitted to the ICU between 5 March and 13 August 

2020 with available HbA1c at admission. Chronic dysglycemia was determined based 

on previous diabetes history and HbA1c.

Primary and secondary outcomes: Primary outcome was the actual prevalence of 

chronic dysglycemia (prediabetes, unknown diabetes, or known diabetes) among 

Covid-19 patients. Secondary outcome was the association of chronic dysglycemia 

with 90-day mortality, ICU length of stay, duration of invasive mechanical ventilation 

(IMV), and renal replacement therapy (RRT), accounting for treatment selection bias.

Results: A total of 308 patients with available admission HbA1c were included. 

Chronic dysglycemia prevalence assessment was restricted to 206 patients admitted 

ICUs in which HbA1c was measured on all admitted patients. Chronic dysglycemia 

was present in 82.0% (95% CI 76.1%-87.0%) of patients, with prediabetes present in 

40.2% (95% CI 33.5%-47.3%), unknown diabetes in 20.9% (95% CI 15.5%-27-1%), 

well-controlled diabetes in 7.8% (95% CI 4.5%-12.3%), and uncontrolled diabetes in 

13.1% (95% CI 8.8%-18.5%). All patients with available HbA1c were included for the 

analysis of the relationship between chronic dysglycemia and secondary outcomes. 
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3

We found no independent association between chronic dysglycemia and 90-day 

mortality, ICU length of stay, or duration of IMV. After excluding patients with specific 

treatment limitations, no association between chronic dysglycemia and RRT use was 

observed.

Conclusions: In our cohort of critically ill Covid-19 patients, the prevalence of chronic 

dysglycemia was 82%. We found no robust associations between chronic dysglycemia 

and clinical outcomes when accounting for treatment limitations.

Strengths and limitations of this study

 Presents prevalence of chronic dysglycemia in an ICU population with Covid-

19 based on additional quantification of admission HbA1c

 Actual prevalence of chronic dysglycemia calculation in all ICU admitted 

patients, reducing the risk of ascertainment bias

 Treatment limitations were considered in the analysis of clinical outcomes, 

thereby reducing the risk of treatment selection bias.

 We lack data on glycemic control during ICU stay, that might have influenced 

clinical outcomes

Background

Diabetes has been identified as a frequent comorbidity in patients with Covid-19, with 

a prevalence ranging from 7.4% to 34.3% among those requiring hospitalization [1-

3]. A meta-analysis published in April 2020 found diabetes to be the second most 

frequent comorbidity in patients with Covid-19 admitted to the intensive care unit 

Page 4 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

4

(ICU) [4]. Furthermore, Covid-19 patients with diabetes appear to have a significantly 

higher risk of ICU admission and worse prognosis than Covid-19 patients without 

diabetes [4-6]. Particularly, a glycated hemoglobin A1c (HbA1c) level above 7% (53 

mmol/mol) was identified as risk factor for ICU admission [7]. 

Recent data also indicates that diabetes is associated with worse prognosis among 

ICU patients with Covid-19 [8]. However, these studies did not include HbA1c 

measurements to identify patients with prediabetes or previously undiagnosed 

diabetes. This is an important limitation since both prediabetes and diabetes is 

considerably under-diagnosed both in the community [9] and in the ICU [10]. 

Additionally, a history of diabetes diagnosis and HbA1c at ICU admission, measured 

in consecutively admitted patients, is important in determining the true prevalence of 

chronic dysglycemia in the critically ill Covid-19 population. Finally, information about 

limitations of life-sustaining treatment were not considered in previous outcome 

analyses. This is unfortunate since the presence of such limitations may introduce 

treatment selection bias.

We therefore conducted a multicenter observational study using quantification of 

HbA1c and information about diabetes history to determine the actual prevalence of 

chronic dysglycemia (prediabetes, unknown diabetes, or known diabetes) among 

Covid-19 patients admitted to ICU. In addition, we aimed to explore the relationship 

of chronic dysglycemia with 90-day mortality, ICU length of stay, duration of invasive 

mechanical ventilation (IMV) and severe acute kidney injury requiring renal 

replacement therapy (RRT) accounting for treatment selection bias. We hypothesised 

that prevalence of chronic dysglycemia in Covid-19 patients admitted to the ICU 

exceeds the prevalence of chronic dysglycemia in the non Covid-19 critically ill 
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population. Moreover, we hypothesised that such chronic dysglycemia would be 

associated with worse clinical outcomes during ICU stay in patients with Covid-19.

Material and Methods

The study was approved by the Swedish Ethical Review Authority (approval number 

2020-01302, amendment 2020-02890) with a waiver of informed consent. The study 

was performed in accordance with the Helsinki Declaration and reported in 

conformity with the STROBE statement [11]

Patient and Public Involvement statement: The study is based on data that was 

collected during the ongoing Covid-19 pandemic in a quality register. No intervention 

was applied to the individual patient. The public and patients were not involved in the 

design of the study. Results are to be disseminated to the public and scientific 

community through publication in peer-reviewed journal with open access.

Study design

We conducted a multicenter, retrospective observational study of adult (≥18 years) 

patients with a positive polymerase chain reaction (PCR) for severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) admitted to ten ICUs in three hospitals in 

Stockholm, Sweden between March 5th and August 13th, 2020 (first wave).  We 

excluded patients without HbA1c obtained on admission to the ICU, patients in the 

third trimester of pregnancy and patients with a primary admission diagnosis other 

than Covid-19. In patients with multiple ICU admissions, only the first admission was 

considered. All included patients were assessed in the outcome analyses. 

Assessment of chronic dysglycemia prevalence was restricted to a nested cohort of 
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patients from ICUs in which HbA1c measurement was included in the routine 

laboratory panel performed on all consecutive admissions. In the prevalence 

analysis, we therefore excluded patients with available HbA1c who were admitted to 

ICUs in which HbA1c was measured only at the discretion of the treating clinicians.

Data collection

HbA1c was measured in whole blood at ICU admission using the VARIANT II 

TURBO Hemoglobin Testing System analyzer (Bio-Rad Laboratories GmBH) and 

was reported in mmol/mol (IFCC calibrated) and in %. HbA1c was measured as part 

of routine care in three ICUs and at the discretion of the treating clinician in seven 

ICUs. We collected information on demographics, comorbidity, chronic medication, 

HbA1c value, mortality and decision regarding limitation of life-sustaining care from 

the patients’ medical records (Take Care [CompuGroup Medical, Koblenz, 

Germany]). International Classification of Disease (ICD) 10 codes were used to 

identify comorbidity and previous history of diabetes. Additionally, data regarding 

known diabetes diagnosis was extracted manually from the patients’ medical records. 

Data on body mass index (BMI), Simplified Acute Physiology Score (SAPS) 3, ICU 

length of stay, duration of IMV and RRT were collected from the ICU electronic 

patient data management system Clinisoft (GE, Barringgton, IL). 

Prediabetes and Diabetes definitions

Prediabetes and diabetes were diagnosed based on two complementary methods; 

level of HbA1c at admission and previous medical history of diabetes, and 

categorized into five groups: 

(1) no diabetes (HbA1c <42 mmol/mol [6.0%] and no history of diabetes) 
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(2) prediabetes (HbA1c 42-47 mmol/mol [6.0-6.4%] and no history of diabetes) 

(3) unknown diabetes (HbA1c ≥48 mmol/mol [6.5 %] and no history of diabetes)

(4) controlled diabetes (HbA1c <52 mmol/mol [6.9 %] and previous history of 

diabetes) 

(5) uncontrolled diabetes (HbA1c ≥52 mmol/mol [6.9 %] and previous history of 

diabetes).

In Sweden, the diagnosis of prediabetes and diabetes is based on the World Health 

Organisation’s (WHO) HbA1c cut off values [12], not the American Diabetes 

Association’s (ADA). Therefore, we used the WHO criteria to classify the study 

groups in our research.

Individuals in group (2), (3), (4) and (5) were considered to have chronic dysglycemia 

compared to those in group (1) labeled “no chronic dysglycemia”.

Outcomes

The primary outcome was the prevalence of chronic dysglycemia. Secondary 

outcomes included 90-day mortality, ICU length of stay, duration of IMV, and RRT 

use.

Statistical Analysis

We analyzed data using STATA version 12.1 (Stata Corp., College Station, Texas).

Categorical data is presented as numbers and percentages and compared using the 

Fisher's exact test. Continuous data is summarized as median with interquartile 

range (IQR) and compared using the Mann-Whitney U test. The prevalence of 

chronic dysglycemia (primary outcome) was presented as percentages with 95% 

confidence intervals (CI). We displayed time to death within 90 days using Kaplan-
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Meier curves. Survival curves were compared using a log-rank test. We used 

multivariable Cox regression analysis to assess the association between chronic 

dysglycemia and 90-day mortality. We used multivariable linear regression analysis 

to assess the association with ICU length of stay and duration of IMV. Both these 

outcomes were found to be well approximated by log-normal distributions and were 

therefore log-transformed before analysis with results presented as geometric means 

(95% CI). We used multivariable logistic regression analysis to assess the 

association with RRT use, before and after excluding patients with RRT as a 

treatment limitation. All regression analyses were conducted using the following 

models: adjusted for SAPS 3, age and sex, and adjusted for SAPS 3, age, sex, 

hypertension, any malignancy, any treatment limitation on admission and chronic 

corticosteroid use. A post-hoc exploratory comparison between subgroups was done 

for 90 day mortality and RRT use. A two-sided P-value <0.05 was considered 

statistically significant.

Results

Patients

A total of 584 patients with positive SARS-CoV-2 test were admitted to the study 

ICUs during the study period. We excluded 225 patients without available HbA1c, six 

pregnant patients, 16 readmissions and 29 patients without symptoms associated 

with Covid-19. Therefore, we included 308 patients with available HbA1c for outcome 

analysis. Among those 308 patients, 206 consequently admitted patients in which 

HbA1c was included in the admission routine laboratory panel were used for 

prevalence calculation (Figure 1). Baseline characteristics and treatment limitations 

of the entire study population are detailed in Table 1. 
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Table 1. Baseline characteristics and treatment limitations

Chronic dysglycemia

Characteristic
No chronic 
dysglycemia Prediabetes

Unknown 
diabetes

Controlled 
diabetes

Uncontrolle
d diabetes Pe

No. (%) 61 (19.8) 114 (37.0) 60 (19.4) 25 (8.11) 48 (15.5)
Age, years 57 (51,63) 61 (53, 68) 60 (52, 68) 63 (57, 71) 62 (55,69) 0.03
Male sex 48 (78.6) 92 (80.7) 47 (78.3) 21 (84.0) 36 (75.0) 1.00
Body mass indexa, 
kg/m2

27 (25, 32) 27 (25, 30) 28 (25, 31) 29 (26, 32) 30 (26, 33) 0.97

HbA1c, mmol/mol 39 (36, 40) 44 (43, 46) 51 (49, 57) 47 (44, 49) 70 (61, 81) <0.001
Diabetes treatment

Diet only 6 (24.0) 2 (4.1)
OAD only 17 (68) 19 (39.5)
Insulin only 1 (4.0) 12 (25.0)
OAD+Insulin 1 (4.0) 15 (31.2)

Comorbidity
Hypertension 18 (29.5) 40 (35.0) 23 (38.3) 16 (64.0) 34 (70.8) 0.02
Heart failure 6 (9.8) 5 (4.3) 6 (10.0) 0 (0.0) 3 (6.2) 0.24
Previous 
myocardial 
infarction

2 (3.2) 4 (3.5) 6 (10.0) 0 (0.0) 7 (14.5) 0.38

Chronic kidney 
disease

4 (6.5) 13 (11.4) 7 (11.6) 6 (24.0) 11 (22.9) 0.09

Liver disease 2 (3.2) 4 (3.5) 1 (1.6) 1 (4.0) 1 (2.0) 1.00
Any malignancy 0 (0.0) 8 (7.0) 2 (3.3) 2 (8.0) 4 (8.3) 0.04
Astma/COPD 13 (21.3) 20 (17.5) 14 (23.3) 5 (20.0) 9 (18.7) 0.72

SAPS 3b 53 (48, 60) 55 (49, 60) 57 (52, 62) 59 (52, 63) 56 (52, 69) 0.18
Chronic drug use

Corticosteroidsc 5 (8.20) 16 (14.04) 8 (13.3) 4 (16.0) 6 (12.5) 0.24
Immunosuppressiv
e therapyd

1 (1.6) 8 (7.0) 3 (5.0) 1 (4.0) 1(2.0) 0.31

Treatment limitationsf

Any limitation 14 (22.9) 19 (16.6) 13 (21.6) 8 (32.0) 13 (27.0) 0.86
No RRT 5 (8.2) 7 (6.1) 5 (8.3) 5 (20.0) 6 (12.5) 1.00
No IMV 6 (9.8) 10 (8.7) 4 (6.6) 4 (16.0) 6 (12.5) 1,00
No CPR 9 (14.7) 19 (16.6) 12 (20.0) 8 (32.0) 12 (25.0) 0.36
No ECMO 7 (11.4) 3 (2.6) 5 (8.3) 3 (12.0) 3 (6.2) 0.15

Palliative careg 1 (1.6) 18 (16.5) 7 (12.2) 4 (16.6) 5 (10.8) 0.006
Data are n (%) or median (interquartile range)
HbA1c, glycated hemoglobin A1c; OAD, oral hypoglycemic agent; COPD, Chronic obstructive pulmonary disease; SAPS, 
Simplified Acute Physiology Score, 2 missing values (306 patients with data); RRT, renal replacement therapy; IMV, invasive 
mechanical ventilation; CPR, cardiopulmonary resuscitation
aMissing data in 15 patients (293 patients with data)
bMissing data in 2 patients (306 patients with data)
cSystemic or inhalatory corticosteroids
dImmunosuppressive therapy was defined as: treatment with Metotrexate, Azatioprin, Ciklosporin, Tracolimus, Infliximab 
eP values for the comparison between no chronic dysglycemia and chronic dysglycemia, Mann-Whitney U test was used for 
comparison of continuous data and Fischer’s exact test for comparison of categorical data
f Decision taken any time during ICU stay
gDecision to go over to palliative care taken during ICU stay
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Patients with chronic dysglycemia were older, were more likely to have hypertension, 

malignancy and/or chronic kidney disease, and had higher SAPS 3 than patients 

without chronic dysglycemia. Overall, 14 (22.9%) patients in the no chronic 

dysglycemia group and 53 (21.5%) patients in the chronic dysglycemia group 

received one or more limitations of life-supporting therapies during their ICU stay. 

“No Cardiopulmonary resuscitation (CPR)” was the most common treatment 

limitation. We observed the highest proportion of limitations among patients with 

known (controlled or uncontrolled) diabetes. Decision to switch to palliative care was 

made in 1 (1.6%) patient in the no chronic dysglycemia group and 34 (13.8%) 

patients in the chronic dysglycemia group (P=0.006). Cumulative percentage of 

treatment limitations relative ICU admission is displayed in Figures S1-S4. 

Primary outcome

In the nested cohort of 206 consecutive patients with available HbA1c, 169 (82.0%; 

95% CI 76.1%-87.0%) were diagnosed with chronic dysglycemia. Prediabetes was 

present in 83 (40.2%, 95% CI 33.5%-47.3%), unknown diabetes in 43 (20.9%, 95% 

CI 15.5%-27-1%), well-controlled diabetes in 16 (7.8%, 95% CI 4.5%-12.3%), and 

uncontrolled diabetes in 27 (13.1%, 95% CI 8.8%-18.5%) patients (Figure 2). 

Secondary outcomes

Nine (14.7%) patients in the no chronic dysglycemia group and 62 (25.1%) patients 

in the chronic dysglycemia group died within 90 days (P=0.09) (Table 2, Figure 3 and 

Figure S5). ICU length of stay and duration of IMV were similar in the two groups. 

IMV was delivered to 42 (68.8%) patients without chronic dysglycemia and to 187 

(75.7%) patients with chronic dysglycemia (P=0.32). RRT was delivered to 17 
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(27.9%) no chronic dysglycemia patients and 42 (17.0%) chronic dysglycemia 

patients (P=0.06) (Table 2 and Table 3).

Table 2. Secondary outcomes

Data are n (%) or median (interquartile range)
ICU lengths of stay (4 missing values because of transfer to other hospital)
a P values for the comparison between no chronic dysglycemia and chronic dysglycemia, Mann-Whitney U test was used for 
comparison of continuous data and Fischer’s exact test for comparison of categorical data.

Table 3. Multivariable regression analyses showing the association of chronic 

dysglycemia (versus no chronic dysglycemia) with secondary outcomes

Outcome 
measure

No
Chronic 
Dysglycemia

Chronic
Dysglycemia

Adjusted Risk 
Estimate (95% CI)a

Pa Adjusted Risk 
Estimate (95% CI)b

Pb Statistical
test

90-day mortality
n (%)

9/61 (14.7) 62/247 (25.1) 1.61 (0.79 to 3.26) 0.18 1.54 (0.74 to 3.19) 0.24 Cox 
regression

ICU length of 
stay, days

       All patients 9 (4, 25) 13 (6, 23) 1.06 (0.78 to 1.43) 0.70 1.05 (0.77 to 1.44) 0.71 Linear 
regression

       ICU survivorsc 9 (5, 27) 14 (7, 24) 1.04 (0.76 to 1.43) 0.75 1.05 (0.76 to 1.44) 0.75 Linear 
regression

Invasive 
mechanical 
ventilation 
duration, days

 

       All patientsd 16 (8, 29) 14 (10, 23) 0.92 (0.68 to 1.23) 0.58 0.93 (0.69 to 1.24) 0.63 Linear 
regression

       ICU survivorse 16 (8, 30) 15 (10, 23) 0.93 (0.70 to 1.23) 0.61 0.92 (0.70 to 1.22) 0.59 Linear 
regression

Renal 
replacement 
therapy, n (%) 

Chronic dysglycemia

Outcomes No chronic 
dysglycemia
(n = 61)

Prediabetes
(n = 114)

Unknown 
diabetes
(n =60)

Controlled 
diabetes
(n = 25)

Uncontrolled 
diabetes
(n = 48)

Pa

90-day mortality, n 
(%)

9 (14.7) 28 (24.5) 12 (20.0) 7 (28.0) 15 (31.2) 0.09

ICU length of stay, 
days

9 (4, 25) 14 (6, 24) 13 (6, 28) 8 (5, 21) 11 (7, 22) 0.69

Invasive 
mechanical 
ventilation, days

16 (8, 29) 14 (10, 23) 15 (10, 27) 15 (6, 21) 14 (9, 22) 0.60

Renal 
replacement 
therapy, n (%)

17 (27.9) 22 (19.3) 11 (18.3) 1 (4.0) 8 (16.6) 0.06
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         All patients 17/61 (27.9) 42/247 (17.0) 0.52 (0.26 to 1.02) 0.06 0.49 (0.24 to 0.99) 0.04 Logistic 
regression

         Patients   
         without
         treatment      
         limitation as  
         no RRT

17/57 (29.8) 42/224 (18.8) 0.52 (0.26 to 1.04) 0.10 0.52 (0.25 to 1.07) 0.08 Logistic 
regression

aMultivariable models were adjusted for Simplified Acute Physiology Score (SAPS) 3, age and sex.
b Multivariable models were adjusted for Simplified Acute Physiology Score (SAPS) 3, age, sex, hypertension, any malignancy, 
any treatment limitation on admission and chronic corticosteroid use
cICU length of stay in ICU survivors, 260 observations
dInvasive mechanical ventilation duration, 227 observations
eInvasive mechanical ventilation duration in ICU survivors, 189 observations

On multivariable regression analysis we observed a numerically higher mortality 

(adjusted HR 1.54, 95% CI 0.74-3.19, P=0.24) and significantly lower RRT use 

(adjusted OR 0.49, 95% CI 0.24-0.99, P=0.04) in patients with chronic dysglycemia 

(Table 3). No association with RRT was observed after exclusion of patients with “No 

RRT” as treatment limitation. In the post-hoc exploratory comparison between 

subgroups, RRT use was higher in the no diabetes group compared to the controlled 

diabetes group, as well as in the uncontrolled diabetes compared to controlled 

diabetes group (Table S1). Individuals with uncontrolled diabetes had the lowest 

probability of survival followed by individuals with controlled diabetes and 

prediabetes. The highest probability of survival was observed among patients with no 

chronic dysglycemia and prediabetes, respectively (Figure S5). However, we 

observed no statistically significant differences in mortality in the post-hoc 

comparison of subgroups (Table S1).

Discussions

Key findings

We performed a multicenter observational investigation to determine the prevalence 

of chronic dysglycemia and its impact on clinical outcomes among Covid-19 patients 
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admitted to ICU. Using available information about the patients’ diabetic status in 

combination with routine HbA1c assessment, we found that 82% had chronic 

dysglycemia with two thirds having either prediabetes or undiagnosed diabetes.  We 

observed numerically higher 90-day mortality in patients with chronic dysglycemia, 

with the highest mortality (31%) observed among those with uncontrolled diabetes. 

Conversely, the proportion of patients receiving RRT was lower among patients with 

chronic dysglycemia even when patients without “No RRT” as treatment limitation 

were considered separately. We found no association of chronic dysglycemia with 

ICU length of stay or duration of IMV.

Relationship with previous studies

A global meta-analysis of more than 16000 ICU patients with Covid-19 suggests a 

pooled prevalence of known diabetes between 23-31% [13], close to the observed 

prevalence in our study (21%). However, few studies have used additional HbA1c 

measurements to assess the actual prevalence of chronic dysglycemia, including 

prediabetes and undiagnosed diabetes. One such ICU study from Austria found a 

prevalence of chronic dysglycemia of 85%, which is in close agreement with our 

findings [14]. However, the Austrian study did not assess consecutive patients and 

may therefore be prone to selection bias. 

Our findings indicate that chronic dysglycemia is more common in Covid-19 patients 

than in ICU patients with other admission diagnoses. In fact, in a pre-Covid-19 cohort 

of general ICU patients we found a corresponding dysglycemia prevalence of 33% 

[10]. The relationship between severe SARS-CoV-2 infection and dysglycemia has 

different potential explanations. SARS-CoV-2 enters cells in various organs, including 

the pancreas, via angiotensin-converting enzyme II (ACE2). As ACE2 is involved in 
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regulating pancreatic beta-cell function, a link between SARS-CoV-2 infection and 

beta-cell dysfunction and diabetes development has been suggested [15]. 

Interestingly, the prevalence of elevated HbA1c below the diabetes diagnostic 

threshold (prediabetes) was markedly higher in our Covid-19 cohort than in our 

previous pre-Covid-19 cohort (40% vs 9%). It is possible that the duration of Covid-

19 symptoms before ICU admission (typically ten days in the literature [16]) was 

sufficient to trigger new onset hyperglycemia with mildly elevated HbA1c. 

In addition to the above speculations about SARS-CoV-2 as a cause of dysglycemia, 

there is also evidence suggesting that patients with preexisting dysglycemia are 

prone to a more severe course of Covid-19. For example, some studies have shown 

that hospitalized SARS-CoV-2 positive with prediabetes, unknown diabetes, and 

known poorly controlled diabetes are at increased risk of SARS-CoV-2 associated 

respiratory failure requiring intensive care [17]. A higher burden of comorbidities, 

hyperglycemia per se, and chronic low-grade inflammation in diabetes may explain 

this observation [18]. 

Wang et al identifies fasting glucose as an independent predictor for 28-day mortality 

in hospitalized individuals with Covid-19 and previously unknown diabetes. However, 

HbA1c was not assessed and interference from stress hyperglycemia might have led 

to the different results compared to our study [19].

Others [20], identified an increased risk of death in individuals with diabetes and 

increasing levels of HbA1c above 48 mmol/mol and known diabetes in a large cohort 

of hospitalized patients, but not in critically ill individuals.

Whether chronic dysglycemia is associated with worse outcomes among Covid-19 

patients admitted to ICU remains uncertain. Dennis et al [21] found increased 

mortality risk at 30 days (HR 1.23 [95% CI 1.14, 1.32]) compared to patients with no 
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diabetes in patients admitted to the high Dependency Unit or ICU, but did not take 

HbA1c into consideration. A multicenter study from France including 410 ICU 

patients with Covid-19, found no association between the severity of dysglycemia 

and tracheal intubation and/or death within 7 days of admission in patients with 

diabetes than in those without diabetes [22]. This is in accordance with the findings of 

our study. In contrast, others found higher mortality in the subgroup of mechanically 

ventilated patients with diabetes [14]. 

We previously demonstrated an independent association between chronic 

dysglycemia and need for RRT in critically ill non-Covid-19 patients [10]. This 

association was, however, not found in the present study. In fact, we observed a 

higher proportion of patients requiring RRT among our patients without chronic 

dysglycemia and an inverse association between chronic dysglycemia and RRT use. 

Only one individual in the controlled diabetes subgroup received RRT during ICU 

stay.  We believe this surprising finding may be due to treatment limitations. In fact, 

after exclusion of patients with treatment limitation “not for RRT”, we observed no 

statistically significant association between chronic dysglycemia and RRT use. 

Limitations in life-sustaining care were more common in the known diabetes groups 

(well controlled and uncontrolled diabetes) than in all other groups. We cannot 

exclude the possibility that patients with severe acute or chronic kidney injury did not 

reach the ICU because of treatment limitation decisions made at hospital arrival or on 

the medical ward. This might have influenced the number of patients with kidney 

injury reaching the ICU, affecting predominantly patients with chronic dysglycemia, 

as they are usually older and have multiple comorbidities.

Strengths and limitations
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Our study has several strengths. It is the first to assess the prevalence of chronic 

dysglycemia in an ICU population with Covid-19 based on additional quantification of 

admission HbA1c. This approach reduced bias due to events that would have 

influenced HbA1c values obtained before ICU admission. We restricted the 

prevalence assessment to a cohort of patients who were admitted to ICUs where 

HbA1c was part of the routine laboratory panel, thereby reducing the risk of 

ascertainment bias. Additionally, by measuring HbA1c in all patients admitted to the 

ICU we identified 169 (82%) individuals with chronic dysglycemia and 86 (41.7%) 

with diabetes. If HbA1c would not have been measured routinely at ICU admission, 

we would only have identified 43 (20.9%) individuals with diabetes. Furthermore, we 

considered treatment limitations in our analysis of clinical outcomes, thereby 

reducing the risk of treatment selection bias. Finally, we included patients admitted to 

ten ICUs in three University hospitals, thus providing a degree of external validity for 

applying our findings to similar settings.

Our study has limitations. We lack data on conditions and treatment that might have 

influenced admission HbA1c, such as haemoglobinopathies and blood transfusion 

before ICU admission. Since interviews with patients or relatives were not performed, 

a degree of misclassification due to non-documented dysglycemia diagnoses cannot 

be ruled out. However, such interviews would have been logistically difficult during 

the ongoing pandemic. We used an HbA1c cutoff of 42-47 mmol/mol (6.0-6.4%) to 

classify prediabetes. If we instead had used the cutoff suggested by the ADA (39-47 

mmol/mol [5.7-6.4%], our prevalence of chronic dysglycemia would have increased 

from 82.0% to 91.3%. This approach did not, however, alter the association with the 

secondary outcomes (data not shown). In addition, we lack information about 

glycemic control during intensive care, which might have modified clinical outcomes.
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The observational nature of the study does not imply causation. Generalizability of 

our results is limited to populations with similar health care systems and similar legal 

frame-works for decisions on treatment limitations. Finally, the limited sample size 

may limit the conclusion regarding secondary outcomes that can be drawn from the 

data. 

Conclusion

In our multicenter cohort of Covid-19 patients admitted to the ICU, HbA1c screening 

diagnosed chronic dysglycemia in four out of five patients with the majority having 

either prediabetes or previously undiagnosed diabetes. Chronic dysglycemia was not 

significantly associated with mortality, ICU length of stay, duration of invasive 

mechanical ventilation or renal replacement therapy use after considering treatment 

limitations. These findings indicate that chronic dysglycemia may be a risk factor for 

severe Covid-19. However, Covid-19 prognosis in the ICU does not appear to be 

modified by chronic dysglycemia. 
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Figure 2. Prevalence of prediabetes, unknown diabetes and known diabetes among 206 consecutive ICU 
patients with Covid-19 
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Figure 3. Probability of survival in no chronic dysglycemia patients and in patients with chronic dysglycemi 
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Table S1: Post-hoc exploratory comparison between the subgroups for 
90 days mortality and Renal replacement therapy

Subgroups 90 day mortality Renal replacement 
therapy

N (%) p N (%) p
No chronic dysglycemia vs 
Prediabetes

9/61 (14.7) vs 
28/114 (24.5)

0.17 17/61 (27.8) vs
 22/114 (19.2)

0.25

No chronic dysglycemia vs 
Unknown diabetes

9/61 (14.7) vs 
12/60 (20.0)

0.48 17/61 (27.8) vs 
11/60 (18.3)

0.28

No chronic dysglycemia vs 
Controlled diabetes

9/61 (14.7) vs 
7/25 (28.0)

0.22 17/61 (27.8) vs 
1/25 (4.0)

0.01

No chronic dysglycemia vs 
Uncontrolled diabetes

9/61 (14.7) vs 
15/48 (31.2)

0.06 17/61(27.8) vs 
8/48 (16.6)

0.25

Prediabetes vs 
Unknown diabetes

28/114 (24.5) vs 
12/60 (20.0)

0.57 22/114 (19.2) vs 
11/60 (18.3)

1

Prediabetes vs 
Controlled diabetes

28/114 (24.5) vs 
7/25 (28.0)

0.79 22/114 (19.2) vs 
1/ 25 (4.0)

0.07

Prediabetes vs 
Uncontrolled diabetes

28/114 (24.5) vs 
15/48 (31.2)

0.43 22/114 (19.2) vs 
8/48 (16.6)

0.8

Unknown diabetes vs 
Controlled diabetes

12/60 (20.0) vs 
7/25 (28.0)

0.41 11/60 (18.3) vs 
1/25 (4.0)

0.1

Unknown diabetes vs 
Uncontrolled diabetes

12/60 (20.0) vs 
15/48 (31.2)

0.18 11/60 (18.3) vs 
8/48 (16.6)

1

Controlled vs 
Uncontrolled diabetes

7/25 (28.0) vs 
15/48 (31.2)

0.77 1/25 (4.0) vs 
8/48 (16.6)

0.01

No chronic dysglycemia and 
prediabetes vs unknown and known 
diabetes

37/175 (21.1) vs 
34/133 (25.5)

0.41 39/175 (22.2) vs 
20/133 (15.0)

0.14

P values calculated with Fischer’s exact test
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Figure S1. Cumulative percentage of patients with a treatment limitation: no renal 
replacement therapy. Day 0 (zero) denotes the day of admission to the intensive care unit.
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Figure S2. Cumulative percentage of patients with a treatment limitation: no 
cardiopulmonary resuscitation. Day 0 (zero) denotes the day of admission to the intensive 
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Figure S3. Cumulative percentage of patients with a treatment limitation: no invasive 
mechanical ventilation. Day 0 (zero) denotes the day of admission to the intensive care unit.
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Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

2-3

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

3-4

Objectives 3 State specific objectives, including any prespecified hypotheses 4

Methods4
Study design 4 Present key elements of study design early in the paper 4, 5

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

5-6

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

5-7Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

NA

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

7-8

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group

5-7

Bias 9 Describe any efforts to address potential sources of bias 5

Study size 10 Explain how the study size was arrived at 5-6, 
Figure 
1

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

6-8 

(a) Describe all statistical methods, including those used to control for 
confounding

7

(b) Describe any methods used to examine subgroups and interactions 7

(c) Explain how missing data were addressed 8

(d) If applicable, explain how loss to follow-up was addressed NA

Statistical methods 12

(e) Describe any sensitivity analyses NA

Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed

8-9,
Figure 
1

(b) Give reasons for non-participation at each stage Figure 
1

Participants 13*

(c) Consider use of a flow diagram Figure 
1
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(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

8-9 
Table 
1

(b) Indicate number of participants with missing data for each variable of 
interest

Table 
1

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount) NA

Outcome data 15* Report numbers of outcome events or summary measures over time 10-11
Table  
2-3
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3

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

10-11
Table 
3

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

11
Figure 
2,3,S1-
4, S5 

Discussion
Key results 18 Summarise key results with reference to study objectives 11

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias

14

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

15

Generalisability 21 Discuss the generalisability (external validity) of the study results 13-14

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

15

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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